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DATA VERIFICATION METHOD, CHARGED 
PARTICLE BEAM WRITING APPARATUS, 
AND COMPUTER-READABLE STORAGE 

MEDIUM WITH PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based upon and claims the ben 
e?t of priority from the prior Japanese Patent Application No. 
2007-055040 ?led on Mar. 6, 2007 in Japan, the entire con 
tents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a method for veri 
fying data and a Writing apparatus using charged particle 
beams, and more particularly to a method and apparatus for 
verifying Writing data used for an electron beam Writing 
apparatus. 
[0004] 2. Description of the Related Art 
[0005] Lithography technique that advances microminia 
turiZation of semiconductor devices is extremely important in 
that only this process forms a pattern in semiconductor manu 
facturing processes. In recent years, With an increase in high 
integration and large capacity of large-scale integrated cir 
cuits (LSI), a circuit line Width required for the semiconduc 
tor devices is becoming narrower year by year. To form 
desired circuit patterns on these semiconductor devices, a 
master pattern (also called a mask or a reticle) With high 
precision is required. Then, the electron beam Writing tech 
nique that has excellent resolution inherently is used for 
manufacturing such high precision master patterns. 
[0006] FIG. 16 shoWs a schematic diagram illustrating 
operations of a variable-shaped type electron beam Writing 
apparatus. As shoWn in the ?gure, the variable-shaped elec 
tron beam (EB) Writing apparatus includes tWo aperture 
plates and operates as folloWs: A ?rst or “upper” aperture 
plate 410 has a rectangular opening or “hole” 411 for shaping 
an electron beam 330. This shape of the rectangular opening 
may also be a square, a rhombus, a rhomboid, etc. A second or 
“loWer” aperture plate 420 has a variable-shaped opening 421 
for shaping the electron beam 330 that passed through the 
opening 411 of the ?rst aperture plate 410 into a desired 
rectangular shape. The electron beam 330 emitted from a 
charged particle source 430 and having passed through the 
opening 411 is de?ected by a de?ector to penetrate part of the 
variable-shaped opening 421 of the second aperture plate 420 
and thereby to irradiate a target Workpiece or “sample” 340, 
Which is mounted on a stage that is continuously moving in 
one predetermined direction (e.g. X direction) during the 
Writing. In other Words, a rectangular shape capable of pass 
ing through both the opening 411 and the variable-shaped 
opening 421 is Written in a Writing region of the target Work 
piece 340 mounted on the stage continuously moving. This 
method of Writing or “forming” a given shape by letting 
beams pass through both the opening 411 and the variable 
shaped opening 421 is referred to as a “variable shaping” 
method. 
[0007] In performing electron beam Writing, ?rst a layout 
of a semiconductor integrated circuit is designed, and layout 
data (design data) for Writing the design is generated. Then, 
the layout data is converted to generate Writing data to be 
input into an electron beam pattern Writing apparatus. The 
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Writing data is converted in the Writing apparatus into shot 
data of a format used in the apparatus, to Write each ?gure. 
[0008] Generally, in order to enhance the data processing 
e?iciency, a distributed processing is carried out, namely a 
Writing region Where patterns are arranged is divided into a 
plurality of small regions so that data can be distributed to 
each small region and data processing can be performed in 
each region. For example, a frame obtained by dividing the 
Writing region into strip-like regions or a block obtained by 
further dividing the frame is used as a small region. A pattern 
is usually de?ned by one of the small regions to Which the 
reference position of the pattern belongs. HoWever, When it is 
necessary to arrange a pattern (ex. a cell) Which extends over 
or “gets astride” small regions, if the pattern is de?ned by only 
one of the small regions Which the pattern extends over, even 
if the distributed processing is performed, independency of 
the data processing of each small region Will be deteriorated. 
Therefore, conventionally, the cell is previously divided not 
to protrude from the small region, to generate layout data. In 
that case, one cell is divided to be de?ned by each small 
region. Thus, tWo or more data is needed for the cell. As a 
result, there is a problem that the amount of layout data 
increases. 
[0009] When there is a cell Which can be formed by an array 
structure and a part (or all the elements) of the cell extends 
over another small region, it is normally supposed to take the 
folloWing countermeasures. That is, an array development 
needs to be performed so that each cell may be de?ned by 
each small region in Which the cell is to be arranged. There 
fore, tWo or more data concerning the cell is needed, and thus 
the amount of layout data increases. 
[0010] If the amount of layout data, especially at the 
upstream side, increases in the data conversion processing as 
stated above, time required for the conversion Will increase 
When converting from the layout data into Writing data. Fur 
thermore, there is another problem that time required for 
transmitting the data to the next processing apparatus 
becomes huge amount of time. While an amount of data 
increases With the high integration of LSI in recent years, such 
data amount increase at the upstream side Will affect through 
put of the pattern Writing apparatus. 
[0011] As to a pattern aside sub?elds obtained by dividing 
the main de?ection region, Which has the same Width and 
angle as those of a frame, into further smaller regions, the 
folloWing technique is disclosed: that is, converting a bound 
ary position of a sub?eld on the basis of a pattern extending 
over the sub?elds so that the pattern may not extend over them 
(refer to, e. g., Japanese Unexamined Patent Publication No. 
11-67648 (JP-A-l l-67648)). 
[0012] As mentioned above, in order to enhance the inde 
pendency of data processing of each small region, When 
arranging a pattern (ex. cell) extending over small regions, it 
is needed to previously divide the cell not to protrude from the 
small region, to generate layout data. Therefore, as mentioned 
above, there is the problem that the amount of layout data 
increases. Regarding the increase of the data amount, it is 
preferable that the amount of data increases in a latter step as 
late as possible. Then, the method described beloW, Which is 
not disclosed to the public, is attempted to solve this problem. 
[0013] In this method, a cell extending over small regions is 
not cut in the generation step of layout data. Instead of cutting, 
When converting Writing data inputted in a Writing apparatus 
into data of a format used in the Writing apparatus, data of the 
pattern extending over small regions is copied to the small 
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region Which is extended over by the pattern, and a pattern 
portion Which cannot be de?ected in its oWn small region of 
the pattern extending over small regions is deleted. By this 
method, the cell extending over small regions can be distrib 
uted to each of the small regions, in the pattern Writing appa 
ratus. As a result, it becomes unnecessary to perform dividing 
data in the state of layout data or Writing data. By virtue of this 
structure, increasing the data amount can be postponed to the 
stage of the Writing apparatus, Which is the doWnstream side 
of the data processing, not at the stage of layout data. There 
fore, the e?iciency of the distributed processing at the 
upstream side can be improved. Moreover, independency of 
distributed processing of each small region can be enhanced 
in the data processing stage in the pattern Writing apparatus. 
[0014] In this case, if cells de?ned by a plurality of small 
regions do not exist at the same coordinates in the absolute 
coordinate system, it may cause Writing errors, such as a 
pattern omission and a pattern multiple exposure. For 
example, When con?guring a cluster as a neW section in the 
cell, the folloWing problem arises. When data processing in 
the cluster is performed in a small region to Which the starting 
point of the cluster belongs, if the absolute coordinate sys 
tems of the cells multiply de?ned are not in accordance With 
each other, it may cause a cluster omission or a cluster mul 
tiple processing. As a result, the Writing errors, such as a 
pattern omission and a pattern multiple expo sure stated above 
may be generated. 
[0015] Thus, a method for verifying data is expected to 
prevent Writing errors caused by the absolute coordinate sys 
tem of the cell copied in the data conversion step being shifted 
or by distribution leakage indicating not being copied from 
the ?rst. Moreover, it is expected to reduce veri?cation time 
even in performing the veri?cation. HoWever, such a method 
for verifying data has not been established yet. 

BRIEF SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to provide a 
method for verifying data more easily and simply, and to 
provide a pattern Writing apparatus applying the method. 
[0017] In accordance With one aspect of the present inven 
tion, a data veri?cation method for verifying Writing data 
used for Writing a cell pattern in a Writing region of a target 
Workpiece by using charged particle beams includes input 
ting the Writing data for Writing a plurality of cell patterns 
including at least one cell pattern in Which an identi?er is 
added to each of data de?ning the at least one cell pattern 
extending over at least tWo small regions in a plurality of 
small regions obtained by virtually dividing the Writing 
region, extracting the at least one cell pattern to Which the 
identi?er is added from the plurality of cell patterns and 
outputting an error result When only one cell pattern is 
extracted. 
[0018] In accordance With another aspect of the present 
invention, a charged particle beam Writing apparatus includes 
an input unit con?gured to input Writing data for Writing a 
plurality of cell patterns including at least one cell pattern in 
Which an identi?er is added to each of data de?ning the at 
least one cell pattern extending over at least tWo small regions 
in a plurality of small regions obtained by virtually dividing a 
Writing region, an extraction unit con?gured to extract the at 
least one cell pattern to Which the identi?er is added from the 
plurality of cell patterns, an output unit con?gured to output 
an error result When only one cell pattern is extracted, and a 
Writing unit con?gured to Write the plurality of cell patterns 
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by irradiating a target Workpiece With a charged particle 
beam, based on the Writing data for Which the error result is 
not output. 
[0019] In accordance With another aspect of the present 
invention, a computer-readable recording medium storing a 
program to be executed by a computer, the program includes 
inputting, from a storage unit, Writing data for Writing a 
plurality of cell patterns including at least one cell pattern in 
Which an identi?er is added to each of data de?ning the at 
least one cell pattern extending over at least tWo small regions 
in a plurality of small regions obtained by virtually dividing a 
Writing region of a target Workpiece, extracting the at least 
one cell pattern to Which the identi?er is added from the 
plurality of cell patterns, and outputting an error result When 
only one cell pattern is extracted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic diagram shoWing an example 
of the main part structure of a pattern Writing apparatus 
described in Embodiment l; 
[0021] FIG. 2 shoWs an example of an arrangement struc 
ture of a cell described in Embodiment l; 

[0022] FIG. 3 shoWs an example of cell pattern data 
described in Embodiment l; 
[0023] FIG. 4 is a ?owchart shoWing the main steps of a 
data veri?cation method described in Embodiment l; 
[0024] FIG. 5 shoWs an example of the case of a pattern 
omission being generated in Embodiment l; 
[0025] FIG. 6 shoWs an example of a cell de?ned by the 
absolute coordinate system described in Embodiment l; 
[0026] FIG. 7 shoWs an example of a cell de?ned shiftedly 
in the absolute coordinate system described in Embodiment 
1; 
[0027] FIG. 8 illustrates processing of deleting a portion 
protruding from a frame described in Embodiment l; 

[0028] FIG. 9 is a schematic diagram shoWing an example 
of the main part structure of a pattern Writing apparatus 
described in Embodiment 2; 
[0029] FIG. 10 is a ?owchart shoWing the main steps of a 
data veri?cation method described in Embodiment 2; 

[0030] FIG. 11 shoWs an example of a cell pattern data 
described in Embodiment 2; 
[0031] FIG. 12 illustrates processing of comparing ?gures 
in a cell described in Embodiment 2; 

[0032] FIG. 13 is a schematic diagram shoWing an example 
of the main part structure of a pattern Writing apparatus 
described in Embodiment 3; 
[0033] FIG. 14 shoWs the case in Which a cell extends over 
a frame having a margin region; 
[0034] FIG. 15 is a block diagram shoWing an example ofa 
hardWare structure When con?gured by a program; and 

[0035] FIG. 16 shoWs a schematic diagram illustrating 
operations of a variable-shaped type electron beam Writing 
apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] In the folloWing Embodiments, a structure utiliZing 
an electron ray (electron beam) as an example of a charged 
particle ray (charged particle beam) Will be described. The 
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charged particle ray is not limited to the electron ray, but may 
be a beam using other charged particle, such as an ion beam. 

Embodiment l 

[0037] FIG. 1 is a schematic diagram shoWing an example 
of the main part of a pattern Writing apparatus according to 
Embodiment 1. In FIG. 1, a pattern Writing apparatus 100 
includes a Writing unit 150 and a control unit 160. The pattern 
Writing apparatus 100 serves as an example of a charged 
particle beam Writing apparatus. The pattern Writing appara 
tus 100 Writes a pattern based on Writing data, onto a target 
Workpiece 101. The control unit 160 includes storage units 
112, 116 and 130, a distribution circuit 114, parallel process 
ing units (PPU) 122, 124 and 126, a control circuit 140, a data 
veri?cation circuit 170, a storage unit 172, and a monitor 212. 
As the storage units 112, 116, 130 and 172, a magnetic disk 
unit, a memory, etc. can serve as them, for example. In the 
data veri?cation circuit 170, there are arranged a data input 
unit 210, a multiply-de?ned cell extraction unit 220, an 
arrangement coordinate conversion unit 230, an identical cell 
extraction unit 240, a judgment unit 244, and an output unit 
250. The Writing unit 150 includes an electron lens barrel 102 
and a Writing chamber 103. In the electron lens barrel 102, 
there are arranged an electron gun assembly 201, an illumi 
nation lens 202, a ?rst aperture plate 203, a projection lens 
204, a de?ector 205, a second aperture plate 206, an objective 
lens 207, and a de?ector 208. In the Writing chamber 103, 
there is an XY stage 105 Which is movably arranged. On the 
XY stage 105, there is placed the target workpiece 101. As the 
target Workpiece 101, for example, an exposure mask for 
exposing or “transferring and printing” a pattern onto a Wafer 
is included. This mask includes a mask blank in Which no 
patterns are formed, for example. While only the structure 
elements necessary for explaining Embodiment l are shoWn 
in FIG. 1, it should be understood that other structure ele 
ments generally necessary for the pattern Writing apparatus 
100 are also included. 

[0038] Each structure, such as the data input unit 210, the 
multiply-de?ned cell extraction unit 220, the arrangement 
coordinate conversion unit 230, the identical cell extraction 
unit 240, the index judgment unit 244, and the output unit 250 
may be con?gured by hardWare, such as an electric circuit. 
Alternatively, it may be con?gured by software in Which 
processing of each structure is executed by a computer 
(CPU). Furthermore, the processes may be executed by a 
combination betWeen hardWare of an electric circuit and soft 
Ware, or a combination of hardWare and ?rmWare. Moreover, 
a processing result of each structure is stored in the storage 
unit 172 each time, and read from it by other structure in the 
data veri?cation circuit 170. 
[0039] First, layout data (design data) is generated as men 
tioned above. Then, the layout data is converted to generate 
Writing data to be input into the pattern Writing apparatus 100. 
In the layout data, a plurality of cells (or called a cell pattern) 
are arranged on a chip. In each cell, one or more ?gures used 
as an element pattern constituting the cell are arranged. In the 
Writing data, the Writing region is classi?ed into a plurality of 
serial internal structures: a chip layer, a frame layer obtained 
by virtually dividing a chip region to be a strip-like region in 
a certain direction, e.g. y direction, and in parallel to the 
Writing surface, a block layer obtained by virtually dividing 
the frame region into regions of a predetermined siZe, a cell 
layer mentioned above, and a ?gure layer constituting the 
cell. In the present Embodiment, the frame mentioned above 
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is used as a small region for distributed processing, for 
example, but it is not limited to the frame. For instance, it may 
be a block, and alternatively, other divided region may be the 
small region for the distributed processing. 
[0040] The Writing data is input into the pattern Writing 
apparatus 100. First, the Writing data is transmitted and stored 
in the storage unit 112. Then, the Writing data is read from the 
storage unit 112 by the distribution circuit 114, and distrib 
uted to each small region. When distributed, the cell Which 
extends over tWo or more small regions is copied so that it 
may be de?ned by all the small regions Which the cell extends 
over. Moreover, in the distribution processing, a ?ag (identi 
?er) is respectively added to the data of the cell extending over 
a plurality of small regions by the distribution circuit 114. 
Moreover, indexes (identi?ers) being identical are added to 
the data of the identical cells composed of the same ?gure 
elements. 
[0041] FIG. 2 shoWs an example of an arrangement struc 
ture of cells described in Embodiment 1. In FIG. 2, a cell 40 
is arranged to extend over a frame 20 and a frame 22. The 
Whole of a cell 42 is arranged in the frame 20, and the Whole 
of a cell 44 is arranged in the frame 22. In the stage of Writing 
data 12, since each cell is de?ned by one small region (a 
frame, herein), the cell 40 is de?ned by the frame 22 to Which 
the reference position of the cell belongs. In this case, as a 
reference position of a cell, the position of the loWer left apex 
of the cell is used, for example. It is acceptable to use other 
position as a reference position. In that case, it should be 
understood that the cell is de?ned by the frame to Which the 
point regarded as the reference position belongs. Moreover, 
the cell 42 is de?ned by the frame 20 to Which the reference 
position belongs. The cell 44 is de?ned by the frame 22 to 
Which the reference position belongs. Moreover, the arrange 
ment coordinate of the reference position of each cell is 
de?ned based on the reference position of the frame 22. 
Similarly to the case of a cell, as a reference position of a 
frame, the position of the loWer left apex of the frame can be 
used. As mentioned above, it is acceptable to use other posi 
tion as a reference position. In that case, it should be under 
stood that the coordinate position of each cell is de?ned based 
on the point regarded as the reference position. Then, When 
the Writing data 12 in the state above described is distributed 
to each frame by the distribution circuit 114, the cell 40 is 
de?ned by both the frames 20 and 22 as shoWn in FIG. 2. 
[0042] FIG. 3 shoWs an example of cell pattern data 
described in Embodiment l. The data of each cell is stored in 
the cell pattern data 14. In FIG. 3, there are shoWn a cell 
pattern dataA indicating the data of the cell 40, a cell pattern 
data B indicating the data of the cell 42, and a cell pattern data 
C indicating the data of the cell 44. A ?ag and an index used 
as an example of an identi?er are added to a cell pattern data 
16 indicating the cell pattern data A of the cell Which extends 
over a plurality of small regions. 

[0043] The Writing data Which has been distributed as men 
tioned above is temporarily stored in the storage unit 116. 
Then, each frame of the Writing data is sent to one of the PPUs 
122, 124, and 126, and distributed processing is carried out in 
each frame. In the PPU, the Writing data is converted into shot 
data of a format used in the apparatus. The converted shot data 
is stored in the storage unit 130. 
[0044] When the Writing data 12 is distributed to each 
frame by the distribution circuit 114, due to failure of pro 
cessing, there may be a case Wherein the cell extending over 
the frames is not copied to the frame Which is extended over 
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by the cell, or a case wherein a de?ned position becomes 
shifted even if copied. Thus, it may cause writing errors, such 
as a pattern omission and multiple exposure. Then, according 
to Embodiment l, the data which has been distributed is 
veri?ed in the data veri?cation circuit 170. 
[0045] FIG. 4 is a ?owchart showing the main steps of the 
method for verifying data described in Embodiment 1. First, 
as an input step (S102), the data input unit 210 inputs the 
writing data which has been distributed. The writing data can 
be read from the storage unit 116. This writing data is for 
writing a plurality of cells which include at least one cell with 
a ?ag added to each of the data de?ning at least one cell 
extending over at least two or more frames. For example, in 
the example of FIG. 2, the writing data is for writing the cell 
40 extending over the frames and the other cells 42 and 44. In 
addition, parameters of frame margin data, etc., and chip 
frame data are also input. 

[0046] Next, as an extraction step (S104), the multiply 
de?ned cell extraction unit 220 extracts at least one cell to 
which the ?ag (an example of an identi?er) mentioned above 
is added, from a plurality of cells. As to the example of FIG. 
2, the cell 40 de?ned by the frame 20 and the cell 40 de?ned 
by the frame 22 correspond to the cell to which the ?ag is 
added. With respect to other frames, if there is a cell which 
extends over a plurality of frames, it is extracted at this time. 
[0047] Then, as a judgment step (S106), the judgment unit 
244 judges whether two or more cells have been extracted or 
not. Since the cell extending over a plurality of frames should 
be de?ned by each frame which is extended over by the cell, 
a plurality of cells should be extracted. Therefore, when the 
number of the extracted cells is one, it means that an error of 
data processing has occurred. 
[0048] FIG. 5 shows an example of a pattern omission 
described in Embodiment 1. When the cell corresponding to 
the frame 20 and the frame 22 is distributed, the cell 40 should 
be de?ned by both the frames. However, if a processing error 
arises, there may be a case in which the cell 40 is not de?ned 
by the frame 20 as shown in FIG. 5. In that case, since the cell 
40 which should have been de?ned by the frame 20 does not 
exist, a ?ag does not exist, either. Consequently, no ?ag is 
extracted. Then, when only one cell is extracted as this case, 
the output unit 250 outputs an error result (NG data) as an 
output step. The outputted error result is transmitted to the 
control circuit 140. In response to this, the control circuit 140 
can stop the subsequent writing. Moreover, the error result is 
displayed on the monitor 212 to be checked by the user. Then, 
to further enhance the precision of the data veri?cation, it is 
preferable to go to the next step. 
[0049] Then, when a plurality of extracted cells exist, as an 
arrangement coordinate conversion step (S108), the arrange 
ment coordinates of the extracted plural cells are respectively 
converted into arrangement coordinates based on the refer 
ence position of each writing region. Thus far, although the 
cell is de?ned based on a relative position with respect to the 
reference position of the frame, it is converted into the coor 
dinate position in the absolute coordinate system at this time. 
[0050] FIG. 6 shows an example of a cell de?ned by the 
absolute coordinate system described in Embodiment 1. In 
this case, the coordinate position of the cell 40 has been 
converted into the position based on the reference position Q 
of the writing region 30 serving as the absolute coordinate 
system. The writing region 30 herein may be the writing 
region of a mask substrate surface or may be a chip region. 
Generally, since a plurality of chips are arranged on one mask 
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substrate, the absolute coordinate system can be formed in 
each chip. The absolute coordinate system of each chip is 
de?ned by chip frame data which the data input unit 210 
inputted. 
[0051] As a second extraction step (S110), the identical cell 
extraction unit 240 extracts a group of cells whose arrange 
ment coordinates are identical, from a plurality of cells whose 
arrangement coordinates have been converted into the ones in 
the absolute coordinate system. In the case of FIG. 5, the cell 
40 de?ned by the frame 20 and the cell 40 de?ned by the 
frame 22 become one group. 

[0052] As a judgment step (S112), the judgment unit 244 
judges whether a group of cells whose arrangement coordi 
nates are identical in the absolute coordinate system has been 
extracted or not. If the arrangement position shifts at the time 
of the distribution processing, the arrangement coordinates 
are not in accordance with each other in the absolute coordi 
nate system. 

[0053] FIG. 7 shows an example of a cell de?ned shiftedly 
in the absolute coordinate system described in Embodiment 
1. If the arrangement position is shifted at the time of distri 
bution processing, the coordinates deviate from the reference 
position Q of the writing region 30 as shown in FIG. 7. In FIG. 
7, the shifted cell is shown as a cell 41. In that case, no group 
of cells whose arrangement coordinates are identical in the 
absolute coordinate system is extracted. Then, when no group 
of cells whose arrangement coordinates are identical in the 
absolute coordinate system exists, the output unit 250 outputs 
an error result (N G data) as a second output step. The output 
ted error result is transmitted to the control circuit 140. In 
response to this, the control circuit 140 can stop the subse 
quent writing. Moreover, the error result is displayed on the 
monitor 212 to be checked by the user. However, even if it is 
“OK” at this stage, there may be a case of extracting different 
cells whose arrangement coordinates in the absolute coordi 
nate system are incidentally in accordance with each other. 
Then, to further enhance the precision of the data veri?cation, 
it is preferable to go to the next step. 

[0054] That is, when a group of cells whose arrangement 
coordinates are identical in the absolute coordinate system 
exists, as an index judgment step (S114), the judgment unit 
244 judges an index (an example of a second identi?er) added 
to each of the data of the cell in each group. If the cells are 
identical, identical indexes should be added to them. There 
fore, if a group of cells whose indexes are different exists, it 
means that the cells are different from each other. Then, it 
turns out that a processing error has occurred at the time of 
distributing. When a group of cells whose indexes are differ 
ent exists as this case, the output unit 250 outputs an error 
result (NG data) as a third output step. The outputted error 
result is transmitted to the control circuit 140. In response to 
this, the control circuit 140 can stop the subsequent writing. 
Moreover, the error result is displayed on the monitor 212 to 
be checked by the user. When no group of cells whose indexes 
are different exists, an OK result indicating that there is no 
error is output. The OK result is displayed on the monitor 212 
to be checked by the user. By using the index, check process 
ing for the internal structure elements becomes unnecessary, 
thereby improving the processing ef?ciency in the data veri 
?cation. 

[0055] By virtue of the structure described above, data veri 
?cation can be performed, and furthermore, while performing 
writing, the data veri?cation can be executed in real time. 
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[0056] NoW, it is returned to the processing of the Writing 
operation. In the PPUs 122, 124, and 126, When converting 
the data of a cell into ?gure data of a format of the apparatus, 
a portion protruding from each frame is deleted. FIG. 8 illus 
trates the processing of deleting the portion protruding from 
the frame in Embodiment 1. For example, With respect to the 
cell 40 de?ned by the frame 20, the portion protruding from 
the region of the frame 20 is deleted because it belongs to a 
region ofother frame. In the case ofFIG. 8, a partial cell 43 is 
generated by the deleting. At the same time or later, in the 
PPUs 122, 124, and 126, the Writing data is converted into 
?gure data of a format used in the apparatus. The converted 
?gure data is stored in the storage unit 130. 

[0057] Using the ?gure data stored in the storage unit 130, 
the control circuit 140 controls the Writing unit 150 to Write a 
pattern on the target Workpiece 101. Speci?cally, it is Written 
as folloWs: 

[0058] An electron beam 200 emitted from an electron gun 
assembly 201 irradiates the Whole of a ?rst aperture plate 203 
having a rectangular opening or “hole” by an illumination 
lens 202, for example. This shape of the rectangular opening 
may also be a square, rhombus, a rhomboid, etc. At this point, 
the electron beam 200 is shaped to be a rectangle. Then, after 
having passed through the ?rst aperture plate 203, the elec 
tron beam 200 of a ?rst aperture image is projected onto a 
second aperture plate 206 by a projection lens 204. The posi 
tion of the ?rst aperture image on the second aperture plate 
206 is controlled by a de?ector 205, and thereby the shape and 
size of the beam can be changed. After having passed through 
the second aperture plate 206, the electron beam 200 of a 
second aperture image is focused by an objective lens 207 and 
de?ected by a de?ector 208, to reach a desired position on a 
target Workpiece 101 placed on an XY stage 105. 

[0059] By virtue of the structure described above, even 
When a cell extending over a plurality of small regions is 
de?ned by each small region, a data processing error can be 
easily and simply veri?ed. Consequently, it is possible to 
avoid a Writing error before it occurs. 

Embodiment 2 

[0060] In Embodiment 1, it is judged by using an index as 
an identi?er Whether cells are identical or not. In Embodiment 
2, the case in Which no index is added to the data of a cell Will 
be described. FIG. 9 is a schematic diagram shoWing an 
example of the main part structure of a pattern Writing appa 
ratus described in Embodiment 2. The structure in FIG. 9 is 
the same as that of FIG. 1 other than a cell structure compari 
son unit 242 being further added. In Embodiment 2, similarly 
to FIG. 1, the structure element of the data veri?cation circuit 
170 may be con?gured by hardWare, softWare, or a combina 
tion of hardWare and softWare, and alternatively by a combi 
nation of hardWare and ?rmware. The steps up to the identical 
cell extraction step are the same as those in Embodiment 1. 
However, the distribution circuit 114 does not add indexes. 

[0061] FIG. 10 is a ?oWchart shoWing the main steps of the 
method for verifying data in Embodiment 2. The steps from 
S102 to S112 are the same as those in Embodiment l. 

[0062] FIG. 11 shoWs an example of a cell pattern data 
described in Embodiment 2. Data of each cell is stored in the 
cell pattern data 15. FIG. 11 shoWs the cell pattern data A 
indicating the data of the cell 40, the cell pattern data B 
indicating the data of the cell 42, and the cell pattern data C 
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indicating the data of the cell 44. A ?ag is added to a cell 
pattern data 17 of the cell extending over a plurality of small 
regions. 
[0063] If this state is kept, it is impossible to judge Whether 
cells are identical or not even if a group of cells Whose 
arrangement coordinates are in accordance With each other in 
the absolute coordinate system exists. Then, according to 
Embodiment 2, as a comparison step (S115), the cell structure 
comparison unit 242 compares to knoW Whether at least one 
?gure element constituting each cell of the group of cells, 
Whose arrangement coordinates are in accordance With each 
other in the absolute coordinate system, is identical With each 
other or not. 

[0064] FIG. 12 illustrates a processing for comparing ?g 
ures in the cells in Embodiment 2. In the case of FIG. 12, the 
cell 40 de?ned by the frame 20 is composed of FIGS. 82 and 
84. On the other hand, a cell 45 de?ned by the frame 22 is 
composed of a FIG. 86. When compared, it is concluded that 
the ?gure elements do not accord With each other. In other 
Words, if no ?gure elements of cells are identical in a plurality 
of cells Whose arrangement coordinates are in accordance 
With each other in the absolute coordinate system, it is con 
cluded that the cells are “not identical.” Then, When a group of 
identical cells does not exist as a result of the comparing, the 
output unit 250 outputs an error result as an output step. The 
outputted error result is transmitted to the control circuit 140. 
In response to this, the control circuit 140 can stop the sub 
sequent Writing. Moreover, the error result is displayed on the 
monitor 212 to be checked by the user. When a group of cells 
not being identical does not exist, an OK result indicating that 
there is no error is output. The OK result is displayed on the 
monitor 212 to be checked by the user. 
[0065] By virtue of the structure described above, even 
When indexes are not added, a data processing error can be 
easily and simply veri?ed. Consequently, it is possible to 
avoid a Writing error before it occurs. 

Embodiment 3 

[0066] In Embodiments l and 2, data is veri?ed using Writ 
ing data that has not been converted by the PPU. Particularly, 
in Embodiment 2, since veri?cation is performed before the 
PPU deletes a cell portion protruding from a frame region, it 
is possible to compare Whether internal structures of cells are 
identical or not. On the other hand, Embodiment 3 describes 
a method for verifying data after deleting a cell portion pro 
truding from the frame region by using the PPU. 
[0067] FIG. 13 is a schematic diagram shoWing an example 
of the main part structure of a pattern Writing apparatus 
described in Embodiment 3. The structure in FIG. 13 is the 
same as that of FIG. 1 other than that the data veri?cation 
circuit 170 inputs data from the storage unit 130. Moreover, 
the ?oWchart of the method for verifying data is also the same 
as that of FIG. 4. Others are the same as those in Embodiment 
1 other than that the data veri?cation circuit 170 inputs data 
from the storage unit 130. Even if a cell portion protruding 
from a frame region is deleted by the PPU, since identical 
indexes (an example of an identi?er) have already been added 
to the data Whose origin is the same cell, data can be veri?ed 
by judging the indexes as Well as Embodiment l. 
[0068] In each of Embodiments mentioned above, it is also 
acceptable to use the method described beloW for judging 
Whether a cell extends over a plurality of frames or not. In 
Embodiments l to 3 mentioned above, a multiple de?nition 
?ag is added to a cell extending over a frame boundary (line). 
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However, the multiple de?nition ?ag may also be added to a 
cell Which extends over a band including a margin in addition 
to the boundary. FIG. 14 shows the case of a cell extending 
over a frame in Which a margin region is formed. Usually, a 
margin region is provided in each frame. Therefore, it is 
acceptable to consider the margin When judging Whether the 
cell extending over or not. For example, a cell 46 extends over 
the region boundary of the original frame regardless of the 
margin. In this case, the method described in each Embodi 
ment can be applied. On the other hand, With respect to a cell 
47, a part of it is included in the margin region formed at the 
minus y-direction side of the frame 24. Moreover, With 
respect to a cell 48, a part of it is included in the margin region 
formed at the plus y-direction side of the frame 26. In these 
cases, namely the case of the cell extending over only the 
margin region, it is enough to decide Whether the cell needs to 
be multiply distributed or not, based on Where the boundary 
line is set up at the time of deleting a portion protruding from 
the region by the PPU. For example, When the pattern Writing 
apparatus 100 sets up the boundary line to include the minus 
y-direction side margin, What is necessary is to distribute the 
cell 47 to both the frames. In that case, it is needless to say that 
a ?ag and an index are added to the data of the cell 47. 
Alternatively, for example, When the pattern Writing appara 
tus 100 sets up the boundary line to include the plus y-direc 
tion side margin, What is necessary is to distribute the cell 48 
to both the frames. In that case, it is also needless to say that 
a ?ag and an index are added to the data of the cell 48. As 
information on the margin, the information inputted by the 
data input unit 210 as a parameter can be used. 

[0069] In the above description, What is represented as “ . . 

. unit”, “ . . . part” or“ . . . step” can be con?gured by computer 

programs. They may be implemented by softWare programs 
executed by the computer system, or alternatively by any 
combination of softWare, hardWare and/or ?rmWare. When 
constituted by a program, the program is stored in a computer 
readable recording medium, such as a magnetic disk drive, 
magnetic tape drive, FD, CD, DVD, MO or ROM. 
[0070] FIG. 15 is a block diagram shoWing an example ofa 
hardWare structure When con?gured by a program. A CPU 50 
being a computer is connected, through a bus 74, to a RAM 
(Random Access Memory) 52, ROM 54, magnetic disk (HD) 
drive 62, keyboard (K/B) 56, mouse 58, external interface 
(UP) 60, monitor 64, printer 66, FD 68, DVD 70, and CD 72. 
The RAM 52, ROM 54, magnetic disk (HD) drive 62, FD 68, 
DVD 70, and CD 72 are examples of a storage unit. The 
keyboard (K/B) 56, mouse 58, external interface (UP) 60, FD 
68, DVD 70, and CD 72 are examples of input means. The 
external interface (UP) 60, monitor 64, printer 66, FD 68, 
DVD 70, and CD 72 are examples of output means. 

[0071] While the embodiments have been described above 
With reference to speci?c examples, the present invention is 
not restricted to these speci?c examples. For example, cells 
are mainly described as a pattern in each Embodiment, but it 
is not limited thereto. A pattern of other classi?ed data may 
also be used. For example, a ?gure and a cluster can be used. 
Moreover, as a matter of course, not only a cell extending over 
tWo small regions but also a cell extending over three or more 
small regions can be applied. In Embodiment 3, although 
?ags and indexes are added by the distribution circuit 114, it 
is also acceptable to con?gure as folloWs: Indexes are previ 
ously added to Writing data, and each of the PPUs 122, 124, 
and 126, doubling the function of the distribution circuit 114, 
virtually distributes the Writing data to each small region and 
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reads each of the distributed data from the storage unit 112. 
Then, When reading the Writing data, a ?ag (identi?er) is 
respectively added to the data of a cell Which extends over a 
plurality of small regions. The data input unit 210 inputs the 
data, to Which a ?ag and an index are added and Whose 
operation processing has already been ?nished, from each of 
the PPUs 122, 124, and 126. The same effect can be acquired 
even When constituted as just mentioned above. With this 
structure, the distribution circuit 114 and the storage unit 116 
are omissible. 

[0072] Moreover, it is also acceptable to arrange the data 
veri?cation circuit 170, the storage unit 172, etc. not inside 
the pattern Writing apparatus 100 but outside it, as an off-line 
unit. In that case, What is necessary is just to input data Which 
has already been distributed. It is also preferable to con?gure 
the data veri?cation circuit 170 as an independent data veri 
?cation apparatus. 
[0073] While description of the apparatus structure, control 
method, etc. not directly required for explaining the present 
invention is omitted, it is possible to suitably select and use 
some or all of them When needed. For example, although the 
structure of a control unit for controlling the pattern Writing 
apparatus 100 is not described, it should be understood that a 
necessary control unit structure can be selected and used 
appropriately. 
[0074] In addition, any other method for verifying data and 
an apparatus thereof, and a Writing apparatus using charged 
particle beams and a method therefor that include elements of 
the present invention and that can be appropriately modi?ed 
by those skilled in the art are included Within the scope of the 
present invention. 
[0075] Additional advantages and modi?cation Will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details and rep 
resentative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A data veri?cation method for verifying Writing data 

used for Writing a cell pattern in a Writing region of a target 
Workpiece by using charged particle beams, comprising: 

inputting the Writing data for Writing a plurality of cell 
patterns including at least one cell pattern in Which an 
identi?er is added to each of data de?ning the at least one 
cell pattern extending over at least tWo small regions in 
a plurality of small regions obtained by virtually divid 
ing the Writing region; 

extracting the at least one cell pattern to Which the identi?er 
is added from the plurality of cell patterns; and 

outputting an error result When only one cell pattern is 
extracted. 

2. The method according to claim 1, Wherein a ?rst 
arrangement coordinates of each of the plurality of cell pat 
terns is de?ned based on a reference position of a small region 
in Which the each itself is arranged, in the plurality of small 
regions, the method further comprising: 

converting, When a plurality of cell patterns are extracted, 
the ?rst arrangement coordinates of each of the plurality 
of cell patterns extracted into a second arrangement 
coordinates based on a reference position of the Writing 
region; 
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extracting a group of cell patterns Whose second arrange 
ment coordinates accord With each other, from the plu 
rality of cell patterns Whose arrangement coordinates 
have been converted into the second arrangement coor 
dinates; and 

outputting an error result When the group of cell patterns 
Whose second arrangement coordinates accord With 
each other does not exist. 

3. The method according to claim 2, Wherein the cell pat 
tern is composed of at least one ?gure element, a second 
identi?er is added to each of data of identical cell patterns 
composed of the same ?gure element, the method further 
comprising: 

outputting an error result When the group of cell patterns 
Whose second arrangement coordinates accord With 
each other exists and When a group of cell patterns to 
Which different second identi?ers are added exists in the 
group of cell patterns Whose second arrangement coor 
dinates accord With each other, and outputting a result 
indicating no error When the group of cell patterns to 
Which different second identi?ers are added does not 
exit in the group of cell patterns Whose second arrange 
ment coordinates accord With each other. 

4. The method according to claim 2, Wherein the cell pat 
tern is composed of at least one ?gure element, the method 
further comprising: 

comparing, When the group of cell patterns Whose second 
arrangement coordinates accord With each other exists, 
to ?nd Whether the at least one ?gure element compos 
ing each cell pattern of the group of cell patterns accords 
With each other; and 

outputting an error result as a result of the comparing When 
a group of cell patterns Whose the at least one ?gure 
element does not accord With each other exists, and 
outputting a result indicating no error When the group of 
cell patterns Whose the at least one ?gure element does 
not accord With each other does not exist. 

5. The method according to claim 1, Wherein a ?ag is used 
as the identi?er. 

6. The method according to claim 1, Wherein an index is 
used as the identi?er. 

7. The method according to claim 3, Wherein an index is 
used as the second identi?er. 

8. A charged particle beam Writing apparatus, comprising: 
an input unit con?gured to input Writing data for Writing a 

plurality of cell patterns including at least one cell pat 
tern in Which an identi?er is added to each of data de?n 
ing the at least one cell pattern extending over at least 
tWo small regions in a plurality of small regions obtained 
by virtually dividing a Writing region; 

an extraction unit con?gured to extract the at least one cell 
pattern to Which the identi?er is added from the plurality 
of cell patterns; 

an output unit con?gured to output an error result When 
only one cell pattern is extracted; and 

a Writing unit con?gured to Write the plurality of cell pat 
terns by irradiating a target Workpiece With a charged 
particle beam, based on the Writing data for Which the 
error result is not output. 

9. The apparatus according to claim 8, Wherein a ?rst 
arrangement coordinates of each of the plurality of cell pat 
terns is de?ned based on a reference position of a small region 
in Which the each itself is arranged, in the plurality of small 
regions, the apparatus further comprising: 
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an arrangement coordinates conversion unit con?gured, 
When a plurality of cell patterns are extracted, to convert 
the ?rst arrangement coordinates of each of the plurality 
of cell patterns extracted into a second arrangement 
coordinates based on a reference position of the Writing 
region; and 

a second extraction unit con?gured to extract a group of 
cell patterns Whose second arrangement coordinates 
accord With each other, from the plurality of cell patterns 
Whose arrangement coordinates have been converted 
into the second arrangement coordinates, Wherein 

the output unit outputs an error result When the group of 
cell patterns Whose second arrangement coordinates 
accord With each other does not exist. 

10. The apparatus according to claim 9, Wherein the cell 
pattern is composed of at least one ?gure element, a second 
identi?er is added to each of data of identical cell patterns 
composed of the same ?gure element, and the output unit 
outputs an error result When the group of cell patterns Whose 
second arrangement coordinates accord With each other 
exists and When a group of cell patterns to Which different 
second identi?ers are added exists in the group of cell patterns 
Whose second arrangement coordinates accord With each 
other, and output a result indicating no error When the group 
of cell pattern to Which different second identi?ers are added 
does not exit in the group of cell patterns Whose second 
arrangement coordinates accord With each other. 

11. The apparatus according to claim 9, Wherein the cell 
pattern is composed of at least one ?gure element, the appa 
ratus further comprising: 

a comparison unit con?gured, When the group of cell pat 
terns Whose second arrangement coordinates accord 
With each other exists, to compare to ?nd Whether the at 
least one ?gure element composing each cell pattern of 
the group of cell patterns accords With each other, 
Wherein 

the output unit outputs an error result as a result of the 
comparing When a group of cell patterns Whose the at 
least one ?gure element does not accord With each other 
exists, and outputs a result indicating no error When the 
group of cell patterns Whose the at least one ?gure ele 
ment does not accord With each other does not exist. 

12. The apparatus according to claim 8, Wherein a ?ag is 
used as the identi?er. 

13. The apparatus according to claim 8, Wherein an index is 
used as the identi?er. 

14. The apparatus according to claim 10, Wherein an index 
is used as the second identi?er. 

15. A computer-readable recording medium storing a pro 
gram to be executed by a computer, the program comprising: 

inputting, from a storage unit, Writing data for Writing a 
plurality of cell patterns including at least one cell pat 
tern in Which an identi?er is added to each of data de?n 
ing the at least one cell pattern extending over at least 
tWo small regions in a plurality of small regions obtained 
by virtually dividing a Writing region of a target Work 
piece; 

extracting the at least one cell pattern to Which the identi?er 
is added from the plurality of cell patterns; and 

outputting an error result When only one cell pattern is 
extracted. 


